We have examined the haemodynamic effects of 0.8% trichloroethylene and 1% halothane anaesthesia in a control group of five dogs, chronically implanted with cardiovascular flow-and pressuremeasuring apparatus and compared them with a similar group of six dogs pretreated for 3 weeks with oral propranolol (20 mg/kg/day). The effects of graded haemorrhage of 25% of the estimated blood volume and re-transfusion were studied. Cardiovascular function was satisfactory at all stages of the study except during trichloroethylene anaesthesia in the beta-blocked dogs when the response to blood loss was impaired severely. Therefore the use of trichloroethylene in the presence of propranolol may not be advisable in clinical practice.
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SUMMARY
We have examined the haemodynamic effects of 0.8% trichloroethylene and 1% halothane anaesthesia in a control group of five dogs, chronically implanted with cardiovascular flow-and pressuremeasuring apparatus and compared them with a similar group of six dogs pretreated for 3 weeks with oral propranolol (20 mg/kg/day). The effects of graded haemorrhage of 25% of the estimated blood volume and re-transfusion were studied. Cardiovascular function was satisfactory at all stages of the study except during trichloroethylene anaesthesia in the beta-blocked dogs when the response to blood loss was impaired severely. Therefore the use of trichloroethylene in the presence of propranolol may not be advisable in clinical practice.
We have previously reported that under 1% halothane and nitrous oxide in oxygen anaesthesia the haemodynamic response to haemorrhage of dogs which had been subjected to coronary artery ligation was not impaired by beta-adrenergic blockade (Roberts et al., 1973) . In that study, however, either practolol or propranolol were administered i.v. during the experiment and only one anaesthetic technique, halothane and nitrous oxide in oxygen, was used. In view of the widespread use of propranolol in high dosage for the long-term therapy of arterial hypertension, we considered it important to repeat these studies in dogs with intact coronary circulations after treatment with oral propranolol (Inderal, I.C.I.) for 3 weeks. Although halothane is in widespread clinical use, it is well established that it is a potent depressant of myocardial contractility. In the presence of cardiovascular disease, it would appear more appropriate to use an anaesthetic agent which has been shown not to be a cardiovascular depressant, especially if the patient has received a beta-adrenergic blocking drug up to the time of surgery. Trichloroethylene (Trilene, I.C.I.), in the concen-. trations used in clinical practice, has been reported not to depress human cardiovascular function (Ostlere, 1953; Dobkin, Harland and Fedoruk, 1962; Parkhouse, 1965) . Trichloroethylene was reported by these authors to have minor effects on cardiac output, arterial pressure and systemic vascular resistance. Heart rate has been variously reported to increase (Dobkin, Harland and Fedoruk, 1962) , decrease (Unni, McArdle and Black, 1970) , or remain unchanged during trichloroethylene anaesthesia. It has also been demonstrated that deep levels of trichloroethylene anaesthesia may be associated with atrial and ventricular arrhythmia, but Ostlere (1953) observed no cardiac arrhythmia with inspired concentrations of less than 2.5%. The lack of depression of myocardial performance by trichloroethylene might be a result of beta-adrenergic stimulation by this agent, but Unni, McArdle and Black (1970) have shown that plasma catecholamine concentrations did not alter during trichloroethylene anaesthesia. This finding suggests that trichloroethylene does not evoke beta-sympathetic stimulation which could overcome a direct myocardial effect of the agent. This is at variance with certain other anaesthetic agents: "adrenergic support" has been demonstrated during anaesthesia with diethyl ether (Jorfeldt et al., 1967; Skovsted and Price, 1970a) , cyclopropane (Price et al., 1963; Price et al., 1969) and fluoroxene (Skovsted and Price, 1970b) . Betaadrenergic blockade removes the cardiac effects of induced sympathetic activity and unmasks the direct myocardial depressant effects of these agents (Sekiya and Vaughan-Williams, 1965; Craythorne and Huffington, 1966; Rouse, 1967; Skovsted and Price, 1970a, b) . If the reported absence of cardiac depression were demonstrable during high-grade beta-blockade, trichloroethylene might be a good inhalation agent for use in patients receiving a beta-adrenergic blocker up to the time of operation. The tendency of trichloroethylene to cause tachypnoea and cardiac arrhythmia at deep levels of anaesthesia could easily be obviated by the use of an anaesthetic technique combining neuromuscular blockade, IPPV and low inspired trichloroethylene concentrations. Therefore the effects of propranolol pretreatment were compared during steady-state halothane and trichloroethylene anaesthesia and during hypovolaemia as a result of unreplaced blood loss.
METHODS
Six healthy mongrel dogs (mean weight 14.1 kg) received oral propranolol 20 mg/kg/day for 3 weeks before the study. A similar control group of five dogs received no medication. At least 7 days before the study each animal underwent a left thoracotomy for the implantation of aortic blood flow and leftventricular pressure transducers, and catheters for the measurement of aortic, left atrial and pulmonary arterial pressures. Full details of the implantation procedure, the calibration and recording of haemodynamic and other variables, and the data analysis have been described previously (Roberts et al., 1976) .
The propranolol-treated group received the full daily dose of the drug 2 h before the induction of anaesthesia. Anaesthesia was induced with thiopentone 10-15 mg/kg, the trachea was intubated and constant-volume IPPV (40 ml/kg body weight; 12 b.p.m.) was commenced using 1% halothane in oxygen with sufficient added carbon dioxide to maintain the end-tidal carbon dioxide concentration at 5.6%. Halothane dose-response studies were performed on some animals in both groups as reported previously but all dogs had received 1% halothane anaesthesia for at least 2 h and were in a stable haemodynamic state before the graded blood loss protocol was commenced. Control haemodynamic and blood-gas measurements were performed. Blood was removed via the aortic catheter and stored in a sterile heparinized bottle in a water bath at 38 °C. Increments of 10%, 10% and 5% of the estimated blood volume (85 ml/kg body weight (HofF, Deavers and Huggins, 1966; Altman and Dittmer, 1971) ) were removed at 10-min intervals and the haemodynamic effects were recorded at the end of each 10-min period, and while the animal was disconnected from the ventilator. Arterial and mixed venous blood was sampled after 25% of the blood volume had been withdrawn. The shed blood was then rapidly reinfused, and haemodynamic and blood-gas measurements were made after 20 min. At the conclusion of the studies under halothane anaesthesia the inspired gas mixture was changed to 1.5% trichloroethylene (from a calibrated E.M.O. vaporizer) in oxygen with added carbon dioxide for 20 min as a "loading" procedure to compensate for the high solubility of trichloroethylene in blood (blood/gas partition coefficient 9.0 to 9.2 at 37 °C (Dobkin and Byles, 1963; Lee and Atkinson, 1973) ). Inspired trichloroethylene concentration was then reduced to 0.8% and maintained for 60 min when control measurements were taken. This was followed by the protocol of graded haemorrhage and reinfusion described previously. The concentration of 0. inspired trichloroethylene, used in the present study, was chosen because it had been found that this was the lowest concentration at which limb movements did not occur and at which the dogs would tolerate IPPV during normocapnia without making spontaneous respiratory efforts. The depth of anaesthesia obtained with 0.8% inspired trichloroethylene and that obtained with 1 % halothane in the first phase of the study appeared to be similar. Shim and Anderson (1972) Heart rate remained substantially unchanged from control values during the haemorrhage and reinfusion sequence under both methods of anaesthesia and in the presence or absence of beta-blockade. There was a 14% increase from the control value (P< 0.025) in the untreated group under trichloroethylene after 25% loss of blood volume. There were, however, large differences in heart rate between the two groups and between the two anaesthetic conditions in the groups before haemorrhage and similar differences were observed throughout the various stages of the study. The highest rate occurred in untreated dogs anaesthetized with trichloroethylene and the lowest in beta-blocked dogs anaesthetized with halothane. In the other two experimental conditions, the heart rates were similar to each other and were within these extremes. During halothane anaesthesia the differences between untreated and beta-blocked dogs were significant only after 25% blood loss while the differences between the two groups receiving trichloroethylene were significant at all stages of the experiment.
The mean arterial pressure (MAP) before haemorrhage was 15-25 mm Hg higher in untreated dogs during trichloroethylene anaesthesia than under the other three experimental conditions and similar differences were observed at each stage of haemorrhage and after reinfusion. Decreases in MAP during haemorrhage were small, the greatest reduction being 14% below control at the 25% blood-loss stage in beta-blocked dogs anaesthetized with halothane. MAP returned near to the control values under all conditions after reinfusion.
The cardiac output (per kg body weight) before haemorrhage was highest in untreated dogs anaesthetized with trichloroethylene (172 ml/kg/min) and lowest in beta-blocked dogs under the same conditions of anaesthesia (125 ml/kg/min). Values for untreated and beta-blocked dogs under halothane anaesthesia were similar before bleeding (160 and 156 ml/kg/min respectively). Except during trichloroethylene anaesthesia with beta-blockade, haemorrhage was well tolerated and the cardiac output returned to the control values after reinfusion of shed blood. Predictably, significant reductions in cardiac output occurred under all conditions as a result of blood loss. Although the pattern of response to blood loss was similar in all four conditions, because of the lower control values in beta-blocked dogs during trichloroethylene anaesthesia, the cardiac output after 25% blood volume loss was very low (68 ml/kg/min) and reinfusion of shed blood failed to restore it to the pre-haemorrhage values. The lowest mean value observed under the other three conditions was 117 ml/kg/min at the stage of maximum blood loss and reinfusion restored cardiac output to the control values. As heart rate altered little throughout the experiment in any group, the changes in cardiac output were determined principally by changes in stroke volume.
Systemic vascular resistance (SVR) increased progressively during graded blood loss under all conditions and returned near to the control values after reinfusion in all but the propranolol-treated dogs anaesthetized with trichloroethylene. Beta-blocked dogs had significantly higher values of SVR during trichloroethylene than during halothane anaesthesia, the range of differences at the various stages being 1,000-3,000 dyn s cm" 5 .
• 
Left-ventricular end-diastolic pressure (LVEDF) decreased significantly during bleeding in all dogs.
The mean values decreased from 8 mm Hg to 1 mm Hg and from 7 mm Hg to 3 mm Hg in untreated and beta-blocked dogs respectively during halothane anaesthesia. Similar reductions, from 6 mm Hg to 2 mm Hg and from 9 mm Hg to 6 mm Hg were observed during trichloroethylene anaesthesia in untreated and beta-blocked groups respectively. Only at the control and 25% blood-loss stages under trichloroethylene was LVEDP significantly higher in beta-blocked dogs.
Left-ventricular dPjdt max divided by instantaneously developed pressure (LVdP/dt/TP) and the maximum acceleration of aortic blood (dQjdt max) were both depressed in the presence of propranolol at all stages of the experiment under the two methods of anaesthesia. This depression was statistically significant only in the case of dQjdtmax during trichloroethylene anaesthesia. LV dP/dt max/IP remained virtually unchanged from control values during haemorrhage and reinfusion under any condition. dQ/dt max values, however, decreased progressively with graded haemorrhage under all conditions. The observed reductions during haemorrhage may have been a reflection of the increasing SVR rather than of a change in the myocardial contractile state as it has been established that this index is influenced both by changes in left-ventricular afterload and by contractility changes (Van den Bos et al., 1973) .
Left-ventricular stroke work (LVSW), minute work (LVMW) and peak power (PLVP)
values were higher at all stages in the untreated dogs during trichloroethylene anaesthesia than in the same animals under halothane anaesthesia. The converse applied in betablocked dogs. Cardiac work and power output were then consistently lower at all stages during trichloroethylene compared with halothane anaesthesia. These variables decreased significantly during bleeding and returned to near control values on reinfusion of shed blood in all conditions except during trichloroethylene anaesthesia with beta-blockade ( fig. 3) . Under trichloroethylene the propranolol-treated group displayed significantly lower values for LVMW than were observed in the untreated dogs during haemorrhage.
Blood-gas and acid-base measurements
Measured values of blood-gas and acid-base status, together with derived oxygen transport variables, are shown in tables I and II. Pa Oa did not change significantly from the control values during bleeding under any experimental condition in either group, and mean values always exceeded 280 mm Hg. Arterial oxyhaemoglobin saturation, therefore, was always greater than 99% and the arterial blood oxygen content altered little throughout the study. Mixed venous oxygen tension (-Pv^), oxyhaemoglobin saturation (5v Oa ) and oxygen content (Cv Oa ) decreased during haemorrhage and returned near to control values after reinfusion in all but the trichloroethylene-anaesthetized dogs during beta-blockade. Pv Oa was significantly lower than in the untreated dogs at all stages and the calculated arteriovenous oxygen content differences were greater in this group. The calculated tissue oxygen consumption (j/0 2 /kg) ranged between 5.5 and 8.9 ml O 2 /kg/min with the lowest values occurring in the beta-blocked group during trichloroethylene anaesthesia at the 25% blood volume loss and reinfusion stages. Arterial blood pH (pHa) became slightly more acid during bleeding in untreated dogs during halothane anaesthesia and slightly more alkaline in beta-blocked dogs under the same conditions. In both groups pHa returned near to the control values after reinfusion. During trichloroethylene anaesthesia pHa decreased in both treated and beta-blocked dogs as a result of blood loss and failed to return to the pre-haemorrhage control values after reinfusion. None of these changes in pHa was statistically significant.
DISCUSSION
The effects of trichloroethylene on the cardiovascular system of the dog were found to be quite different from those of halothane. The heart rate was approximately 20 beat/min higher than during halothane anaesthesia and this difference was similar in both untreated and beta-blocked animals. This relative tachycardia is unlikely to have been a result of betaadrenergic cardiac stimulation as the difference was unaffected by the existence of beta-adrenergic blockade. Either a direct effect of trichloroethylene on cardiac pacemaker tissues or a decrease in vagal activity may be postulated as possible mechanisms.
Although untreated dogs anaesthetized with trichloroethylene tolerated haemorrhage as well as untreated and beta-blocked dogs anaesthetized with halothane, the combination of propranolol and trichloroethylene caused the cardiac output to decrease to low values during hypovolaemia, and, as a consequence, cardiovascular function did not return to normal after restoration of the circulating blood volume. This low cardiac output state appeared to be The observed values of mixed venous oxygen tension and content appeared to indicate that tissue requirements for oxygen were being met during all stages of the graded blood loss and reinfusion sequence. McDowall (1969) reviewed some of the errors which may arise if mixed venous oxygen measurements were used as the sole index of the adequacy of whole-body tissue perfusion and oxygenation. He pointed out that mixed venous blood is only a mixture of the venous effluents from a large variety of tissues and that such measurements are not a direct indication of the state of oxygenation of any particular tissue or organ. In low cardiac output states, certain vascular beds may receive little or no arterial perfusion and, although hypoxia or anoxia prevails in these tissues, there is little, if any, effect on the oxygen content of the mixed venous blood. The apparent decrease in calculated Fo 2 observed in dogs under trichloroethylene anaesthesia with betablockade may have been a result of this effect as, under these conditions, cardiac output was by far the lowest encountered during these experiments. A degree of metabolic acidosis was observed at this time (table I) but was not as severe as might have been expected in association with the low cardiac output state. This may be explained by the sequestration of lactic acid in non-perfused tissues. Even if total shutdown of perfusion had not occurred in certain beds, there would still be a considerable time-lag between the development of tissue hypoxia and the appearance of significant amounts of lactic acid in the blood (Jobsis, 1964).
On several occasions, when the dogs were required for subsequent unrelated experiments, anaesthesia was discontinued at the end of the study. The untreated animals all recovered satisfactorily, but dogs which had been studied under trichloroethylene anaesthesia with beta-blockade became more acidaemic, failed to regain consciousness and died from persistent low cardiac output states within 2-3 h of the end of the experiment. That this outcome was not a result of the fact that two haemorrhage studies had been performed on each dog has been demonstrated previously (Roberts et al., 1973) and is substantiated by the full recovery of cardiovascular function in the untreated group in the present study.
We conclude that, although cardiac output is well maintained during trichloroethylene anaesthesia and this property might commend its use in certain clinical situations, when it is used in the presence of propranolol, severe cardiac depression may result. The use of this drug combination in clinical practice may therefore be undesirable. 
INTERACTIONS HEMODYNAMIQUES DES PREMEDICATIONS DE PROPRANOLOL

SUMARIO
Hemos examinado los efectos hemodinamicos de anestesia del tricloroetileno al 0,8% y de halotano al 1% en un grupo de control de cinco perros a los que se habia implantado cr6nicamente un aparato para medir el flujo y la presion cardiovascular y los comparamos con un grupo similar de seis perros tratados previamente durante 3 semanas con propranolol por via oral (20 mg/kg al dia). Se estudiaron los efectos de la hemorragia graduada del 25% del volumen de sangre calculado y la retransfusion. La funcion cardiovascular fue satisfactoria en todas las fases del estudio, excepto durante la anestesia de tricloroetileno en perros bloqueados por beta, cuando la reaction a la perdida de sangre empeoro de forma severa. Por lo tanto el uso de tricloroetileno en presencia del propranolol puede no ser aconsejable en practicas clinicas.
